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Abstract: For the design of naturally ventilated buildings, information of air speed at the openings of a 
building is important. However, the only data set usually available to designers is meteorological data, 
such as wind speed and direction measured at weather stations. This paper explores the ratio of air 
speed at building openings to the wind speed measured at weather stations. Meteorological data from 
three weather stations as well as air velocity that was obtained through full-scale physical 
measurements were used in this study. The results showed that air speed at building openings was 
about half of the wind speed recorded at the closest station to the case study. This ratio reduced to 
approximately 30% when comparing to the weather stations located in greater distance and more open 
areas. Given that air speed at the openings has a direct relation to the ventilation rate, employing these 
ratios to the available weather data when designing for natural ventilation, can provide more realistic 
picture of natural ventilation performance.     
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1. Introduction 
Due to the oil and energy crises, energy efficiency policies have experienced a rapid growth in many 
countries around the globe over the last four decades (e.g. Europe, Japan, the United States, Australia, 
etc.) (Geller et al., 2006). This includes building energy regulations and standards (Recast, 2010; IECC, 
2012). Buildings, as one the main energy consumers, have a great potential to contribute to energy 
savings by adopting passive and low cost strategies. However, passive strategies and design based on 
climate are often disregarded in rapidly growing high-rise buildings which makes them highly energy 
intensive (Cheung et al., 2005; Kennedy et al., 2015).  
Appropriate design of natural ventilation as a passive cooling strategy can provide thermal 
comfort for the building’s occupants (Liddament et al., 2006) which can result in reduced use of air-
conditioners and hence, save energy (Luo et al., 2007). Implication of natural ventilation is even more 
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feasible in cooling-dominant climates. Furthermore, natural ventilation can improve the Indoor Air 
Quality (IAQ) by replacing the stale air with the fresh air from the outside (Liddament, 1996). 
Natural ventilation mainly relies on outside wind and the resultant pressure difference for 
conditioning the space. Since wind is intermittent in nature and the process involved is rather complex, 
it is difficult to predict natural ventilation performance (Allocca et al., 2003). A major problem for 
building designers is that accurately predicting environmental conditions inside and around a proposed 
building is difficult. Having said that, understanding the potential air speed at the openings as a 
representor of ventilation rate can be a step toward an accurate natural ventilation prediction and a 
successful design.  
To investigate the potential air velocity at building openings in relation to meteorological data, 
wind speed data at openings of an apartment in a high-rise residential unit in Brisbane, Australia were 
collected. In addition, weather data from three different weather stations were obtained. The chosen 
weather stations are situated in locations with different terrain roughness and various distances from 
the case study, which allows further comparison considering urban context. 
2. Background 
The ventilation rate has a direct relation with the air speed at the buildings openings. In its simplest 
form can be expressed as: 
Q=VA             (1) 
Where Q is ventilation rate (m3/s), A is the area of opening (m2) and V is the air velocity through 
the openings (m2/s). Hence, the air velocity at the buildings openings can be used as a good indication of 
ventilation rate. 
The main data source available to architects and building designers is meteorological data from 
the weather station nearest to the location of interest.  Weather stations are mostly located in open 
areas and the meteorological data from them are likely to be different from the expected wind at dense 
urban settings (Truong, 2012). Furthermore, wind magnitude changes with height and meteorological 
data are usually measured at the height of 10 m while building openings can be above or below that 
height.  
Wind speed at different heights in relation to the wind speed at a reference height can be 
expressed by power law equation (Feustel, 1999): 
           (2) 
Where Vz is wind speed at height z (m/s), Vref is wind speed at the reference height of zref (m/s) 
and the α exponent represents the terrain roughness and varies from 0.15 to 0.35. A greater values 
indicates a rougher terrain (Awbi, 2003). However, wind speed at building façade and openings is always 
lower than the Vz value obtained from equation (2). That is due to the positive and negative pressure 
built up as a result of wind hitting an obstacle (e.g. building). In order to use meteorological data for 
natural ventilation design, knowing the relation between the reference wind speed and the wind speed 
at the openings is an important factor which can help in a more realistic prediction of natural 
ventilation. The lack of such a relation in the literature was motivation of the current study. 
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3. Methodology 
In order to investigate the correlation of weather data and air velocity at building openings, full-scale 
physical measurement of air velocity at openings of a residential apartment was carried out. Analysis of 
the collected data in addition to the available weather data helps to reveal any possible connections. 
Full-scale measurement was chosen as it can yield more reliable information compared to the other 
available methods (e.g. small-scale experiments, simulation software, etc.) (Chen et al., 2010). Selected 
weather stations and the case study used for the full-scale measurements are described in the following 
sections.  
3.1. Case study 
A 36-storey building located at Brisbane, Australia (latitude: -27.46, longitude: 153.03) was chosen as 
the case study for this research. This building is located near the Brisbane Central Business District (CBD) 
in a relatively dense urban layout. However, there are no major obstructions in the case study’s 
immediate surroundings. The building is oriented 35° from North toward West and is next to the 
Brisbane River on one side and adjacent to a street approximately 25 meters wide on the other side. 
Figure 1 shows the location of the case study in relation to its surroundings. A residential unit located on 
the eastern side of the building at the fifth floor, was used for the data collection. This 2-bedroom 
apartment features two balconies at two opposite sides of the living area and is situated about 18 m 
above the ground. The case study unit was vacant when measurements were conducted and no 
mechanical or fan-assisted ventilation was operating.  
Figure 1: Case study’s site plan. 
The instruments employed to measure wind velocity at the case study’s openings were a 
Windmaster 3-axis ultrasonic anemometer (3D) and a 2D WindSonic anemometer (2D), commercially 
produced by Gill Instruments. The sensors allow accurate measurement of wind speed and direction at 
resolution of 0.01 m/s. Wind speed accuracy is 1.5% for 3D and 2% for 2D. The 3D sensor was attached 
to the exterior of the southern balcony’s parapet wall and the 2D anemometer was placed inside the 
northern balcony.  The parapet walls of balconies are 1.2m high thus, the sensors were installed at a 
height of 1.3 m from the unit’s balcony floor. Wind velocity was measured for 30 hours at sampling rate 
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of 1Hz starting at 1:00 pm and ending 7:00 pm the day after. The authors believe that due to fluctuating 
nature of wind and the frequent sampling rate of data logging adopted in this study, 30 hours of air 
velocity data is enough to represent various wind speed ranges. All the doors and openings -except for 
balcony doors- were kept closed for the duration of the data collection. The sensors were placed close 
to the openings which provides information on external airflow near the openings. Plan and placement 
of the sensors is presented at Figure 2. 
Figure 2: Case study’s plan (right) and photos of sensors (left). 
3.2. Weather stations 
Meteorological data for this study was obtained from three weather stations: Brisbane station, Brisbane 
Airport and Archerfield stations which are located approximately 2 km, 9 km and, 12 km from the case 
study building respectively (Figure 3). The weather stations’ information is presented in Table 1.  
Table 1: Weather stations information 
Weather station Distance to 
case study 
Latitude Longitude Station height 
Brisbane Station ~2 km -27.4808 153.0389 8.13 m 
Brisbane Airport  ~9km -27.39 153.13 4.51 m 
Archerfield  ~12 km -27.5717 153.0078 12.5 m 
 
The wind speed and direction 30-minute data for the duration of the experiment was downloaded from 
Australian Government Bureau of Meteorology website (http://www.bom.gov.au/, 2016). Wind speed 
data are averaged over 10 minutes and are rounded values with no decimal places, and wind direction 
data are presented in 16-compass point.  
Wind speed and direction data acquired from the installed anemometers together with weather 
station data were analysed to investigate objectives of this study. 
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Figure 4: The weather station locations in relation to the case study building. 
4. Results and discussion 
This section presents and discusses the analysis of weather stations data along with the measurement 
results from the installed sensors. 
4.1. Weather stations 
Figure 4 represents wind speed (Figure 4-left), and wind directions (Figure 4-right) captured at the three 
weather stations: Brisbane, Brisbane Airport, and Archerfield stations for the duration of the 
experiment. Both graphs show that despite the long distance between the stations and the different 
urban layouts and contexts, wind speed changes and the prevailing wind direction are very consistent at 
all three stations, and wind predominantly blows from NNE to ENE. The graph at the top shows the 
lower wind speed recorded at Brisbane station compared to Brisbane airport and Archerfield stations. 
Since Brisbane weather station is located close to the Brisbane CBD in a predominantly residential 
suburb with higher density urban layout compared to Brisbane Airport and Archerfield, the recorded 
wind speed is lower due to the adjacent obstructions (as would be expected). Whereas Brisbane Airport 
and Archerfield are both located in open terrain, and thus present a similar range of wind speed changes 
and about twice that of the Brisbane station. In addition, as Brisbane Airport is close to a large body of 
water (ocean), wind magnitude recorded at this station can be affected. This may explain the higher 
mean wind speed captured by this station compared to Archerfield station, despite the higher elevation 
of Archerfield station. 
Figure 5 represents wind speed at Archerfield and Brisbane Airport stations in relation to Brisbane 
station’s wind speed. Regression lines confirm a linear relation between air speed changes at these 
weather stations. Again, it also confirms that Brisbane station had the lowest readings of wind speed 
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Figure 4: Wind speed change (left) percentage of different wind directions (right) at Brisbane, 
Brisbane Airport and Archerfield weather stations. 
 
Figure 5: Regression lines between wind speeds recorded at Brisbane station expressed according to 
Brisbane Airport and Archerfield stations wind speed. 
 
The correlations between the three weather stations are expressed in Table 2 where VBr, VAr, and VAi 
refer to Brisbane station, Archerfield and Brisbane Airport stations wind speed respectively. 
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In view of confidence in the regression equations, the fact that the available wind data is averaged 
over 10 minutes and is presented in rounded values without decimal places might have introduced 
some marginal errors. To this end, the acquired regression lines are considered reasonably valid. 
Table 2: linear regression equations of Brisbane station wind speed (VBr) on wind speed for Brisbane 
Airport (VAi) and Archerfield (VAr) stations. 
Weather stations Regression equation R2 
Brisbane and Brisbane Airport stations VBr = 0.5596VAi - 0.356 0.71 
Brisbane and Archerfield stations VBr = 0.6474VAr - 0.5796 0·76 
 
To summarize, data analysis of the weather stations exhibit consistency in wind direction collected at 
different stations located in areas with different terrain roughness and urban context over 10 km apart. 
This consistency in the recorded wind direction can be mainly due to the unobstructed immediate 
surroundings of the weather stations with the minimum distance of 30 meters even in the case with the 
highest density setting (Brisbane station). In addition, the effect of urban density was clear in the 
recorded wind speeds, and as expected, Brisbane station represented the lowest speed range among 
the three stations. Most importantly, the linear relation between the air speed values at different 
stations shows that wind speed changes with relatively the same pattern in different locations. 
Therefore, in the following section, results will be presented and discussed using Brisbane station data 
only. The selection was made as Brisbane station is located in a similar urban context and is the closest 
station to the case study building. 
4.2. Wind speed at building’s openings 
To explore the potential wind speed outside of the case study’s openings in relation to the 
meteorological data, the collected data by the installed anemometers was averaged over 10 minute 
intervals to allow comparison with Brisbane station’s data. Wind speed changes during the 
measurement period recorded by Brisbane weather station, 2D and 3D sensors are presented in Figure 
6.  
Figure 6: Wind speed changes of Brisbane station, 2D and 3D for duration of the data collection. 
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The intermittent line representing air speed changes at the 3D sensor is due to some glitches in the 
logging system, which resulted in loss of some of data. As can be seen 2D and 3D change trends are 
similar to the Brisbane station at a lower speed.  
To investigate the correlation of this trend, data recorded by 2D and 3D sensors were plotted in 
relation to Brisbane station wind speed data (Figure 7). It is evident that a decrease in Brisbane station 
wind speed results in wind speed decrease at both measurement points (2D and 3D). The obtained R-
squared values equal to 0.7 for 2D and 0.78 for 3D versus Brisbane station, confirm that the acquired 
regression lines are acceptably valid. It also demonstrates that the air speeds captured by the sensors 
are very similar in values and are roughly half the values recorded at Brisbane station. 












Figure 7: Variation of wind speed recorded at measurement points (2D and 3D) versus Brisbane 
station wind speed. 
In summary, comparing wind speed outside of the case study’s openings with Brisbane station wind 
speed, the same variation pattern was observed at a much slower speed range (about 50%). This 
percentage is obviously smaller when compared to the Brisbane Airport and Archerfield weather 
stations (nearly 30%). This slower speed range was expected, as building acts as a large obstruction on 
the airflow path and as a result, the positive pressure built on the windward side results in a lower air 
speed. In addition, air speed values were very similar at both the inlet and outlet of the case study which 
is not surprising since openings were the same size. This can be explained by conservation of mass.  
It needs to be considered that the case study was located at fifth floor (nearly 18 m above the 
ground), and there were no major obstructions in the immediate surroundings of it. Application of the 
acquired results to a broader context needs to be further investigated. The measured values are 
expected to be lower in the case of buildings at lower floors in contrast to the higher floors, which 
would be expected to be higher. In addition, that having openings at two opposite sides might have 
accelerated the air speed compared to a case with openings at only one side. 
Air flow rate in cross ventilation is higher than that of the single-sided ventilation (Jiang et al., 2003). 
Therefore, the resultant air speed is expected to be much lower in a building with openings only at one 
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5. Conclusion 
Natural ventilation rate directly correlates to air velocity at building openings. Understanding the 
potential values of wind speed at the openings can result in better estimation of ventilation rate. 
Considering meteorological data is the main data source available to the building designers, this study 
explored possible air velocity at building openings in relation to the available meteorological data. To 
this end, air speed at openings of a high-rise residential unit was measured using 2D and 3D 
anemometers. Furthermore, wind speed data from three weather stations situated in locations with 
varying terrain roughness and different distances from the case study was also obtained.  
Firstly, wind speed and direction from three different weather stations situated in different urban 
context were compared. The results showed consistency in the captured directions by all three stations. 
Also, wind speed analysis showed similar wind speed fluctuation pattern. Scatter plots of wind speed at 
the weather stations confirmed this relation. As expected, the lowest wind speed range was from the 
station located in the denser urban layout.   
Air speed measurement data for the unit was then compared to the meteorological data from the 
closest weather station to the case study. Once more, a similar change trend was evident between 
weather data and the measured values at the case study. Interestingly, regression lines revealed that 
the wind speed through the openings was approximately half of the wind speed measured at the 
weather station. The reference weather station was in a similar urban setting as the case study and 
closest to it (about 2km). Unsurprisingly, this ratio reduced to nearly 30% when compared to the two 
other meteorological stations located in low rough terrains further way from the case study building.  
In conclusion, when using the meteorological data to design for natural ventilation, similarity of urban 
context of the closest weather station to the site of interest is an important parameter which can yield 
values close to those that can be expected at building openings. Even in that case, the potential air 
velocity at building openings may not exceed half of the wind speed at the reference weather station. 
However, in a case that design site is in a dense urban setting, chances of existing any weather station in 
similar urban context is very low as meteorological station are usually located in open areas with 
minimum obstructions. If it was the case, lower ratio of wind speed of the reference station should be 
expected at the openings (roughly 30%). Findings of this study can help in better use of meteorological 
data in natural ventilation design. 
6. Future work 
The current study provided building designer with ratios of potential air velocity at building openings to 
the meteorological data, considering urban context and distance to the building of interest. However, 
when using results of this research, the following factors needs to be taken into consideration. Firstly, 
the measurements were conducted in a cross-ventilated unit with two openings at two opposite sides. 
Airflow produced by cross ventilation can be much higher than the airflow produced by single-sided 
ventilation. Even in such an instance, wind speed at inlet is far less than that of at the same height in the 
free atmosphere. Hence, lower values of air velocity should be expected at the openings of a building 
utilising single-sided ventilation. Having said that, more studies are needed to investigate the amount of 
airflow at openings in the case of single-sided ventilation. Secondly, the measurements of this study 
were done at a case study located at fifth floor. As wind magnitude increases with height, higher ratios 
at upper levels and lower rations at lower levels should be expected.  
In future research, it would be desirable to validate the applicability of the results of this research to a 
broader context and different heights.  
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